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1. The Veed of a Bolentlfio System of Measures. — At 

present, although the wants of English commercial people 
are amply satisfied by a large, incongruous and ill- 
systematised set of measures, the requirements of the 
English scientific and professional man are in this respect 
quite ignored and henee neglected. English measures 
are well suited for simple buying and selling ; there is 
always some unit forthcoming from the heterogeneous 
mess that will serve ordinary detached purposes of trade 
measurement at a sale, where any inexactitude amounting 
to an error of one per cent, is of no consequence. The 
scientific man requires measures, not for sales, but for 
the determination and computation of quantities of all 
sorts, connected in various ways, such as stresses and 
pressures on structures, power needful in machinery, 
ratios of chemical and physical components, physical 
forces in nature, analytical determinations, &o. ; also, in 
many instances one per cent, would be a gross error to 
him, as he may require a very high degree of accuracy, 
exceeding one per million. Hence the general insuf- 
ficiency of English trade-measures, as now existing, for 
many of his purposes. 

It may be a great benefit, in several respects, to be 
exempt from legislation ; but this advantage is not ac- 
corded to the technical man, for Flans, Sections, <&c., to 
be deposited for purposes of Parliamentary discussion 
and supervision, must be arranged in accordance with a 
set of regulations that lay down a whole series of units 
to be used under rigid rules. He may not choose any 
English unit of length and adhere to it throughout ; the 
only permission nominally granted by the law, namely, to 
decimalise on any English unit, is counteracted in detail 
by such rules. That is to say, coercion takes pre- 
cedence of amelioration. The game of moral bullying 
is easy, and therefore, perhaps, preferred to the task 
of remedy, which requires thought, skill, and manage- 
ment, 



Nor is the scientific and professional man free in many 
other respects. Should he invent mechanism, he is highly 
taxed on taking out a patent ; should he practice a profes- 
sion, he must pay fees and subscriptions to colleges, clubs, 
societies, and institutions, under terror of being treated by 
the ignorant as a quack ; should his scientific ideas not be 
patentable, they must frequently be brought out at his own 
continuous heavy expense, with due submission to trade 
monopolies ; should he ally himself with the editors of 
scientific periodicals, or produce papers under the auspices 
of a society, his articles either may be mutilated, or must 
be toned down to suit the purposes and views of others ; 
his hard labour in diffusing progressive knowledge is 
treated as a wealthy man's amusement ; and for the good 
he does, and strives to do, his reward is to be considered 
a tame lunatic with strange hobbies, rather troublesome 
to complacent officials. 

For all this, and more, scientific men are partly to 
blame ; they submit too much, hinder each other from 
pure jealousy, and have little power of furthering their 
general interests through persistent and large combina- 
tion. Even now, the Government grants only one thou- 
sand a year for the publication of scientific works, as a set 
off against the large revenue from the sale of patents ; and 
the higher progressive scientific education of the people 
is still due to the gratuitous efforts of scientific men. 
These things will not be remedied until scientific men 
revolt against clique tyrannies, and combine to represent 
themselves and their proposals in a new spirit. 

Among such collective demands, a most fitting opening 
would be a request that a series of standard units of 
measurement should be constructed on a systematic basis 
fit for all uses of scientific and professional men. At the 
same time it behoves to point out the defects in the 
existing state of affairs. 

There is at present a nominal choice between using 
English commercial units and employing French mea- 
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sores, which are permissive to a certain extent only in 
some yagae way ; there is also the alternative that each 
scientific man may select a few of the English nnits and 
handle them in a mode peculiar to himself. None of 
these methods are sufficiently good. 

The French measures have several intrinsic advantages 
—decimality and consequent facility in computation, cor- 
relation between cubic measure and weight (although not 
actually perfect in this respect), estimation in vacuo and 
the resulting freedom from all allowances for pressure 
and for air-displacement, proximity of the two tempera- 
tures adopted, namely, 0° Celsius for vessels and bars, 
and 4° Celsius for water ; a regulated nomenclature ; and 
convenience in readily comparing results with those of 
Continental scientific men — a g^eat advantage when the 
figures are numerous. On the other hand, the French 
system possesses some technical defects, the principal of 
which are, that it is not a single-temperature system, 
that the correlation between cubic measure and weight 
is inaccurate — two matters that introduce much inexacti- 
tude in delicate investigations ; also, the values of all the 
small units are practically inconvenient from occurring 
at the very points where they are least wanted. Apart 
from technical construction and technical employment, 
the adoption of French measures in an English book 
alienates a very large number of otherwise probable 
readers, so that the scientific knowledge to be conveyed 
is nearly confined to the top shelf of the bookseller; 
something corresponding takes place with instruments, 
mechanism, &o. in which French measures are used. 
There are, of course, some Englishmen that warmly 
advocate French measures ; they are principally persons 
that have had more occasion to talk about them than to 
use them, and hence have not suffered from expressing 
voluminous results in French measure. The argument 
they usually ofEer is that hy-and-hye these will become 
more generally accepted. This is doubtful, as there is 
strong general repugnance to them ; even in France it 
took about half a century, and in England it might take 
an indefinite time. But what does the argument amount 
to ? — advice to twiddle our thumbs in the meanwhile. 
Besides, the total absence of all correlation with natural 
measures of any sort, especially with the English and 
North European measures of trade, is a marked disad- 
vantage. The use of English measures of some sort is 
hence practially compulsory on most Englishmen. 

The EngHsh commercial measures, though far superior 
for trade-purposes in weighing and measuring, are sig- 
nally inferior in all points important to the scientific 
and technical man; in fact, all the advantages of the 
French measures, already enumerated, are markedly 
absent ; the want of those advantages renders English 
measures troublesome and inexact, and nearly useless for 
scientific purposes. 

There are also other defects. Legislation, accompany- 
ing the English measures, demands that a quantity or a 
value shall be expressed in the next lower units occur- 



ring in the English series, the remainder in lower units 
next to these, and so on and on with successive re- 
mainders. For instance, in simple length, one must 
not say 11 402 feet, but one must go through the above- 
mentioned silly process and say 2 miles 1 furlong 11 poles 
3 yards and 2i feet ; with compound units, as of pressure 
or of work, such dealing is more complicated. Legally, 
therefore, the whole of the units in the series must be 
employed at various times by the technical man. These 
are numerous ; a list of most of them is given in the 
table of English commercial units at the end of this 
book. 

In the next place, the English normal temperature of 
comparison, 62° Fahr., and the standard air pressure of 
30 inches, though serving well as a mean condition in 
trade-sale, are exceedingly troublesome in scientific re- 
ductions ; more especially as this is not the whole of it, 
but because a second normal temperature of aboat 39°'l 
Fahr. occurs in the system, this being the temperature 
of maximum density of water used in comparing weight 
capacity and cubic measure. If the water were also 
taken at the normal trade-temperature of 62° Fahr., thus 
making it a single-temperature system, this incongruity 
would be reduced ; but it is not so. 

Besides the introduction of air-pressure, there is the 
consequent further complication resulting from air-dis- 
placement. 

The amount of computation enforced by these con- 
ditions on the scientific man, whenever extreme accuracy 
is necessary, is large even when dealing with compara- 
tively simple quantities. 

Finally, the correlation between weight and cubic mea- 
sure is highly inconvenient; a pound is legally and 
nominally the weight of 27*7274 cubic inches, or of 
0*016 045 963 cubic foot of water at its utmost density ; 
correspondingly, an ounce is 0*001002 87 of the foot- 
weight of water under the same normal conditions, pro- 
vided they are correct. There are, however, ample grounds 
for believing they are wrong, and require redetermination 
by direct observation instead of through doubtful com- 
putations. More, this correlation is the only one that 
exists, thus vitiating the whole system throughout. 

Next, let us assume the fiction to become fact that 
the English scientific man may decimalise on any English 
units he chooses, leaving the rest unused, so that he may 
say 11 402 feet or 17 532 ounces, without the representa- 
tive reduction before explained; in this respect some 
labour and needless trouble will then be saved; but, 
generally, what is the result P Necessarily, that each 
man does that which is right in his own eyes, and in a 
way suited to his own, perhaps very limited, purposes. 

One man that manipulates liquids on a small scale 
chooses the grain-weight and the liquid gram, decimalises 
up to the pound- weight and the liquid pound ; he is quite 
content, as he wants nothing beyond, and is indifferent 
about the cubic measure of his capacity nnits. With 
another cubicity is important ; hence he may adopt the 
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oubio inch and the inch-weight, or weight of a cubic inch 
of water, at some normal temperature peculiar to him- 
,self. Others may use either Miller's foot-weight (a legal 
standard unit unfortunately much ignored) or the pound or 
the ton, and treat cubicity in some special way, but even 
then may dispense entirely with measures of surface. 
The irrigationist, on the other hand, treats with surface, 
and requires a unit more convenient than the rectangular 
acre. Correspondingly, also, others manipulate power- 
units, heat-units, and pressure-units in some special 
modes. 

A set of partial and very incomplete systems spring 
up in this manner, which though all English, yet differ 
widely, so that, in comparing scientific results, much 
needless confusion and labour in reduction is introduced. 
Such is the result of unguided freedom of choice. 

It is the duty of the Government, not merely to legis- 
late for trade-measures, but also to extricate scientific 
men and the whole scientific literature of the country 
from all such complications, either by authorising some 
complete and useful scientific system, or by adjusting 
trade-measures on some rational and scientific basis that 
will achieve the same object. 

Hitherto, the Government, whether Conservative or 
Liberal, have invariably shirked^. the matter. Officials 
can always find a hundred excellent reasons for evasion 
and postponement, until they receive a sufficiently severe 
moral kick, the prelude necessary to action. The rack- 
rented Irish were fortunate in the support due to the 
reprimand from the President of the United States, as 
well as in their own self -representation. Something 
similar may yet be requisite for many other urgently 
required reforms and improvements; for, though the 
Israelite has ceased to govern the land, his methods, and 
even his shufflings, live after him. 

At present, if we assume that sufficient vital force 
remains in the Qovemment to undertake its work and to 
do its duty in this matter, it is needful for scientific men 
to consider what might be done, and how it could be 
done. 

As there is some discordance in views on this subject, 
let us cursorily examine the principles involved in gene- 
rally known propositions, whether practicable or im- 
practicable, treating those first in order that are based on 
abstract considerations and may be merely theoretically 
best. 

2. Systems based on Abstract Xdeas.— There are many 
scientific men that believe that any scientific system of 
measurement should be general in the widest sense, and 
thoroughly applicable to everything, from an almost 
invisible particle to an astronomical distance. It may 
be so, or perhaps it is desirable that some such system 
should be devised, if practicable. 

Presuming, thereforei that our solar system is the 
scope within which our units of measure should be 
limited, some heliodetio system would be necessary } in 
that case the basic units would be, for length or distance, 



some decimal fraction of the mean solar spherical axis 
or diameter, or of the mean distance of the sun from the 
earth ; while the basic density for comparing basic cubic 
with basic weight-unit would be the mean solar density. 
Some such heliodetic units might be convenient for cer- 
tain special purposes, but it can hardly be asserted that 
the determination of them is at present sufficiently exact 
for permanency of ^standard, or that the deduced units 
would be convenient for general use. 

Setting aside this perhaps too extended principle, the 
next alternative of the same class is to obtain basic 
units of measure from considerations limited to our own 
terrestrial sphere. 

There may be many possible ways of arriving at 
geodetic basic units of measure, but the four following 
are those best known. 

1. The geodetic inch, based on a terrestrial axis. 

2. The geodetic demi-toise, or French m^tre, a yard 
based on the Parisian quadrant. 

3. The geodetic mile, equal to the minute of a terres- 
trial great circle. 

4. Various modes of application of the length of a 
pendulum beating seconds under fixed conditions. 

According to the first-mentioned method, an inch is 
derived from the subdivision of the polar axis 41 706 858 
English feet into 500 million parts ; the value of the inch 
thus derived is nearly an English inch, being 1*000 964 594, 
and would form the standard basic unit of length, whose 
multiples and submultiples could be formed in any nume- 
rical ratio, decimal, binary, or sexagesimal. Using an 
enlarged foot of 12 such inches, cubicising, and employing 
water at its utmost density for the formation of a standard 
weight unit, the foot-weight resulting would be increased 
by about 1 per 1000, and thus would be more nearly 1000 
existing ounces avoirdupois than the English foot* weight 
is according to legal value. (The actual value of the 
English foot-weight, if determined by direct construc- 
tion, would probably render any such arrangement need- 
less, any slight adjustment necessary in the ounce being 
probably less than 1 per 1000.) The above proposal is 
said to be due to Herschel ; one of the objections to it 
has been already noted ; another is that, after employing 
decimalisation in deriving this inch, it is departed from 
in forming the foot and the foot- weight ; a third is that 
an inch is a very small standard unit of length ; while 
the fourth is that finality as to the value of the polar axis 
can hardly be yet asserted. 

The second method is the principle on which the 
French m^tre was based. The surveys of the French in 
the last century, in several parts of the world, including 
Peru, led to the determination of length of several large 
geodetic arcs, and to the proposal of a " toise de P4rou" 
approximating to the value of a French commercial toise, 
but based on an estimated geodetic quadrant. This 
preliminary arrangement was afterwards superseded by 
adopting a modified half-toise, desig^ted a m^tre, the 
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value of whioh was then supposed to represent exactly 
the 10 millionth part of a meridional quadrant passing 
through Paris ; its then-fixed value was 8*281 835 Eng- 
lish feet, at the temperature of 62° Fahr. Later compu- 
tations by Captain Clarke have, however, resulted in a 
value of the Parisian meridional quadrant of 10.001 472*5 
metres ; while even the minimum meridional quad- 
rant at longitude 105° 34' is as much as 10000 024*5 
metres. The m^tre is therefore particularly unfor- 
tunate as a geodetic unit, and takes its place as a 
simple arbitrary unit of French derivation, with the 
peculiarity that it is both based on error and independent 
of historic tradition. The basic unit of weight is practi- 
cally a kilogramme, whose weight is that of a cubic 
decimetre of distilled water, under the curious and very 
unscientific condition that the water is at the tempera- 
ture of 4° Celsius, while the vessel or cubic decimetre 
containing it is at the temperature of 0° Celsius. The 
kilogramme is also unfortunate on account of inaccu- 
racy ; and the density of the original kilogramme cannot 
be determined through fear of injury from immersion. 
The theory that the basic units could be easily redeter- 
mined at any time is hence delusive. The system owes 
its entire success to two considerations — first, that, being 
a purely decimalised system, it is hence in accord with 
common numerical notation ; second, that it affords a 
convenient means of extricating a nation from a multi- 
tude of local historic units of measure, as France had in 
1798, and Italy until 1859 : a condition that, fortunately, 
does not exist in Great Britain. 

The third geodetic method involves the use of a 
geodetic mile, from which all other units of length and 
distance are obtained by direct subdivision. 

The principle involved is that, as a circle is divided 
into 360 degrees, each degree into 60 minutes, and so on 
sexagesimally, the same method applied to a terrestrial 
great circle should afford a minute capable of being used 
either as a nautical mile or as a land-mile. Also, if such 
a geodetic mile be divided sexagesimally into 60 seconds, 
or into 6000 feet, so that 1 second of great circle = 100 
feet, the foot thus derived is the corresponding geodetic 
foot — a method Arabian by origin. 

As regards choice among terrestrial great circles for 
applying this mode of subdivision, it is sufficiently wide ; 
but the three following circles yield the results below 
given in English feet. 



1. Minimum Meridional circum- 

ference in long. 105° 34' 

2. Mean circumference 

3. Equatorial longitude 

Old values of the"^ 

minute of mean f Continental 
latitude usually C English 
given ) 



Geodetic milel 
or minate. 

6078-282 
6082*660 
6086*520 



6076-98 
6076*52 



Qeodeticfoot. 

1-013 047 
1*013 777 
1-014 420 

1012 83 
1-012 75 



mined with an accuracy higher than is at present possible ; 
but as the equator admits of measurement, the minute of 
equatorial longitude offers the best mode of utilising 
results not likely to err much, after they have been once 
observed and thoroughly investigated. Unfortunately, a 
large equatorial arc has not yet been accurately surveyed, 
a fact much to be deplored, for which the British tax- 
payer does not yet like to provide a remedy. When 
a scientific expedition is entrusted with this very de- 
sirable achievement, the value of a minute of latitude, 
half on either side of the equator, could be determined 
at the same time for a series of points along it ; thus 
determining equatorial latitude. Until that time it is 
useless to hope for much accuracy or finality on many 
matters of geodesy ; the rough values already given and 
a few corresponding others are all we have. Taking the 
geodetic foot as 1*0138 English feet, a complete system 
of measures based on it are given in a work by the 
Author, entitled " Simplified Weights and Measures," 
London, 1876; some copies of it remain, and may be 
taken by those interested in the subject on application 
to the publishers of this work. 

It may be here remarked that the unit 1*0133 foot 
English was the value of the ancient Egyptian, the Phoe- 
nician, and the Olympic natural or ordinary foot, as 
closely as can now be determined ; also that it is very 
probable that the present value of the EngHsh foot is 
merely a degraded value of that ancient unit. 

The fourth geodetic method is to deduce standard units 
of length through seconds pendulum observation at 
mean sea level. It is true that the lengths of seconds 
pendulums are determined, as for instance, 



At New York 3*25843 feet 
At Paris 3*26070 



» 



At London 3*26159 feet 
At Stockholm 3*35064 



a 



Of these, perhaps, the mean circumference derivation 
would be that most suitable, provided it could be deter- 



It is also true that this method has been tried for veri- 
fying and comparing standards ; in fact, the Danish foot 
is supposed to be the ^th part of a seconds pendulum 
in vacuo at sea level in North Latitude 45° ; but it cannot 
yet be considered an accurate or a trustworthy process, 
for it is not direct, but dependent on computed allowances, 
and several sources of discrepancy are also involved. 
Pendulum observation must take some fresh departure 
under new auspices before precision can be expected 
from it. 

In connection with geodetic units of length, it has 
also been proposed that the correlation of cubicity and 
weight should be established through geodetic density, 
that is, the mean density of the earth, roughly 5*70 times 
that of water at its utmost density, or about that of 
chromium. The objections to this are, the want of ac- 
curacy in the theoretic determination of the density of 
the earth; also, the practical difficulty in obtaining a 
representative solid or liquid body of any such required 
density that is sufficiently invariable. 

The want of finality in value affords the principal 
objection to all heliodetio and geodetic methods. 



r HEABTtSEHElII!. 



Besides these, there have been also proposed mudes 
of deriving systemB of meBBnrement from hiBtoric, 
fuicietit, and namintJly aaored nnitB. Sact matterE I 
are fraquBntly Tery interoBting j bat the merita and 
demerits of a BjBtem depend on iotrinBio valae in the 
first place, and on snitability to given conditionB in the 
neit ; the claims of either novelty <a antiquity, etraogo- 
nOBS or familiarity, wickedness or EOQClitj, are mere 
modes of enlisting prejndice, by which no rational man 
■honld he guided ia opposition to aonnd principle. 

3. Brsteau baaaA on Bziatlns' Unit* and Fiasent 
Oonvanlenoa.— Setting aside for the present all syBtemB 
that may be beat in the abstract, to which we cannot 
now aspire for want of precision and of exact and occnrate 
infonnation, let ns now consider what system might he 
most conveniently adopted under actual present circnm- 
sianoes. Avoiding geodetic units of all sorts, and mating 
nse of sach English meaBni«B and conditions as we have, 
how can a selection from them be formed into a naefal 
rational system on a acientific basis ? 

In the first place, it must evidently be a tingle tempe- 
rature system ; second, this temperatore shoold be that 
of the maiimnm density of pure water; third, it ninst 
be a vaCQDni system, so as to avoid the introdnctjon of 
either air pressure or air displacements ; fonrth, the 
correlation between cabicity and weight mnst he through 
water at its maiimnm density, that being the generally 
accepted basio unit for Bpecific gravities of material ; 
fifth, the arrangement of multiples and snbmnltiples 
Bhonld be made on a decimaHeed basis, corresponding to 
that of ordinary nomerical notation ; it may also be 
preferable to mate that arrangement geometric, in 
accordance with the formation of the simple nnits, 
whether linear, aquare, cubic, or weighc units, so aa 
to aid the memory when dealing with the compound 

These five principles seem to he almost compulsory 
under present circumstances ; convenience would also 
require that the units should not be very numerous, 
although extending over a sufficient range of value- 
Proceeding to selection among English nnits, it is 
obviouB that four basic correlated simple nnite are 
required, one of length, one of surface, one of cnbicity, 
also serving for capacity, and oce of weight. An eiami- 
nation of the whole series of English units (see Table of 
Commercial Heaeures following) will show that there 
are four such units, and no others, so that the choice is 
Temarkably limited. The four are, the foot, the tqiiare 
foot, the cubic foot, and the foot-weight. 

The foot-weight is a legal standard, made by Uiller 
in 1S69, still existing in the Standards Department, and 
supposed to represent the weight of one onbic foot of 
water ; its nominal value in pounds avoirdupois is 
62*82106 ; a wood-cut copied from a drawing of it is 
given in the frontispiece of " Modem Metrology " (Lock- 
wood, London, 1882). If we decimalise on these units in 
accordance with geometrical iormation, the complete series 



of simple correlated unite extending over the requisite 
range will thus correnpond in ratio : 

Length. BnrfacB. Cubloitr. Weight. 

O-OI 0-0001 0-000 001 0^)00001 

0-1 0-01 O-OOI OWl 

Foot. Sqdakb foot. Cubic foot. Foot-wkioh». 
10 100 1000 1000 

100 10000 

1000 
10000 
The aeriea of compound units derived through these will 
evidently also possess snfflcient range. 

The next step is to devise some nomenclature suited to 
the derived nnita. Unfortunately, the I^lish language 
is now particularly deficient in special terms for collectives 
and for fractional eipreesions ; there are a few remaining, 
as, (or instance, dozen, score, grass, and half, tierce, 
quarter, quint, tithe, cent, mil ; in former times there were 
many more, as a decker or dacre fpr a collective ten, a 
centlet (or a hondredth part, and locally, perhaps, insay 
each terms may still exist in some counties, especially 
among shepherds in Cumberland. In India such nsefnl terms 
are numeroos, as gahi, ganda, kori, saikra, lakh, karor, pao, 
adh, paun, pawin, derh, arhai, &c. ; in Germany and Scandi- 
navia a few survive, as ring, tal, wall, scbock, ^mmer, 
Btiege, mandel, dutzen, decher ; hut both in England and in 
Franco the deficiency is very marked. The French have 
attempted to make up for the defect by using Latin and 
Greek afOxes to their nnita of measure, B mode that wonld 
not be favourably received in England ; as also the reha- 
bilitation of onr own obsolete terms might cause difficulty, 
a strictly numerical nomenolatore for derived onita appears 
impracticable. 

The natural names, applied in tlie Table of Scientific 
Units following, are, however, sufficiently indicative of 
position in the various scales ; the alternative term talent 
applied to the foot-weight is used to avoid needless repe- 
tition of the word foot in compound nnits, it is also 
historically eoireet in application; the term cenfury oorre- 
aponds to the Roman cenlariet, a term used for 100 sqnare 
chains in the Roman-British period in enbjngated Britain ; 
the old term ounce is retained, for the reason that the 
milleaimal ounce is very nearly an ounce avoirdupois; the 
milloeimal fluid ounce ia by construction a cnbic tithe. 

While it is important that the nomenclature should be 
Bufaciently distinctive, tbia matter is inferior in moment to 
the determination of the valnea of the units. The really 
Important matter is the redetermination by construction 
(not by mere computation) of a standard foot-weight in 
vacuo at the eitigle temperature of 891 Fabr. for both vessel 
and water, and of a standard millesimal onnce and standard 
mil; also the correaponding fluid millesimal ounce and the 
fluid mil. 

With a few such standards, properly constructed on the 
required scale and under the required conditiona, the rest 
might be left to computation ; but without them it is impos- 
sible to proceed with snfScient accuracy, aa the existing f oob- 
weight of Miller ia fallacious. The cause is clear ;— MiUer 
bad two temperatures to deal with, hence he cenld not 
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construct his weight direct from the cubic foot of water, 
but depended on a computation that it might be 62*321 lbs., 
thus making it a weight of 62*321 lbs. independently of the 
use of the cubic foot. With a single temperature, direct con- 
struction becomes practicable ; and this is the special matter 
in which the action of the Government is urgently required. 

There cannot be the slightest objection to the employ- 
ment of a single temperature and a vacuum as normal 
conditions of construction for even the whole of the stan- 
dards ; it would be far less laborious and more convenient ; 
while the standards would expand themselves to existing 
trade-conditions in air whenever required. The egregious 
folly of constructing standards under the present compli- 
cated conditions, with all sorts of computed allowances 
that cannot be accurately applicable to the material actu- 
ally employed, must come to an end some day. 

The principle of direct truthful construction must 
eventually supersede the fallacious compensating tempera- 
tures and book-derived expansions and air-displacements. 

It is a national disgrace to have left the foot-weight in 
its present computed condition from 1859 to 1883, in spite 
of various comments on it repeatedly made to the Govern- 
ment. It is a further disgrace thus to debar scientific 
men from having an accurate national scientific system of 
measures, and from computing on trustworthy bases. 

A complete system suitable to English scientific men is 
indicated in the Table of Scientific Units at the end of this 
work, but it will be noted that the ad interim values there 
given are not under single temperature conditions, but under 
French conditions, with due allowance as far as computa- 
tion can arrive. Actual construction can alone afford the 
true values, for which we wait. 

4. Comparison of Standards having Different Con- 
ditions. — As regards comparison of units belonging to 
separate systems having different conditions much has been 
said. It is true that each xmit of each system is absolutely 
correct only under its own conditions ; also that some parts 
of each system, such as linear units, may be compared side 
by side with parts of another system, under different 
temperatures. But the whole of the units, especially 
capacity measures, cannot be thus compared, for it might 
involve using a vacuum on one side of a balance and 
air pressure on the other. If, therefore, a comparison of 
the whole of the units of one system is to be made with the 
whole of the units of another system, due allowance must 
be estimated for the differing conditions and applied to the 
values, which are relative not absolute quantities. 

This principle has been adopted throughout the Tables 
given at the end of the book ; its neglect would evidently 
conduce to error in refined calculations, although there 
are not wanting some persons that prefer ignoring these 
allowances, and offer partial reasons and excuses for so doing. 

The values thus computed extend to Compound Units, 
and form a collection useful until more trustworthy results 
are afforded by direct construction at a single temperature 
in vacuo. 

6. The KininiTiin Beauirement.— Provided that the 



complete scientific system, proposed in section K'o. 3, and 
indicated in a Table following, should be considered insuf- 
ficiently good for the purposes of scientific men, it clearly 
devolves on the objectors to produce a better one, and to 
assist the nation in obtaining its general use with Govern- 
ment support in aid. Some good system is absolutely 
necessary. But if, owing to variety of proposed systems, 
the Government should, instead of assisting any one of 
them, find sufficient grounds or pretext for withholding 
support from all, there are then three points affecting cor- 
rectness of standard, on which unanimity can hardly fail, 
that should constitute the minimum demand. 

It may be remarked that it would be xmworthy of the 
Government to do the least possible for the good of any 
section or class of its subjects. This may be so ; but in 
England the love of doing the least possible amounts to a 
cultus warmly fostered in the community ; doing nothing is 
considered a patent of gentility by retired tradesmen ; it 
is the kihla and guiding star of the working man, the pre- 
siding genius of the usurer, speculator and retailer, and the 
familiar spirit of the English official. Under such circum- 
stances it would be foolish to be unprepared to meet it 
at any accidental turn. In the event of such a contingency 
taking place as would require the minimum demand to be 
formulated, it may be briefly summed in three points. 

1. The adoption of a single temperature and of a vacuum 
for the construction of standards, without interfering with 
the present legal conditions of trade-employment. 

2. The redetermination of the foot-weight by direct con- 
struction xmder those conditions. 

3. The adjustment of a millesimal ounce to the ^ j-^flt h of 
the corrected foot-weight by a very slight reduction of the 
ounce avoirdupois, not exceeding 0*5 per cent., under the 
same conditions of construction. 

One of the conveniences of adopting a single English 
ounce of systematic derivation will be the future possibility 
of discarding the terms Avoirdupois and Troy, borrowed 
from the French after Cre9y *^^ Poitiers, but not returned 
after our collapse at Gh&tillon. 

When the above-mentioned three points shall have been 
most graciously conceded and carried out, we shall, it is 
true, not have a complete scientific system, but we shall 
possess correctly correlated basic units. 

In the meantime, let us petition, pray, beg, humbly 
entreat, crawl, grovel, worry and pester, according to 
prescribed Norman lacquey-custom in like cases, so that 
we may eventually hope, and hoping, finally obtain, the 
things needful and due to us for long past. 

Let us also remember that there are three modes of 
advance on the road of progress, whether scientific, 
political or social;— the shepherd may lead willing sheep, 
or he may drive reluctant cattle, in which cases he may 
be either a wise seer or a great commander ; but if, to 
prevent total halt, the sheep have to drive the shepherd, 
he is verily a laggard; — ^we must quickly aoconuaodate 
ourselves to the case, in order to continue the journey 
without loss of time. 
^ December, 1882. 



TABLES. 



UNITS OF MEASUREMENT 



FOB 



SCIENTIFIC AND PROFESSIONAL MEN. 



BY 



LGWIS D'A. JACKSON, 

AUTHOB OP ''SIMPLIFIED MEASUBES," *' MODEBN METBOLOGY,'* ** CANAL AND OULVEBT TABLES,' 

"ACCENTED LOGABITHMS," ETC. 



LONDON: 
W. H. ALLEN & CO., 13 WATERLOO PLACE, PALL MALL, S.W. 



1883. 



(All rights reserved^) 



m, -ii. 51 



MEMOBANDA AND NOTES. 




V 



